A new method for the detection of pseudorabies antibody in swine sera was developed by use In the present study, we attempted to adapt this method for the detection of antibody against pseudorabies virus in swine sera.
Pseudorabies is a ubiquitous virus disease of pigs, and its causative virus, suid herpesvirus type 1, is a member of the family Herpesviridae. Clinically normal swine can be carriers of pseudorabies virus and can disseminate the virus intermittently, thus becoming the source of epizootics among swine (7) . Consequently, a simple, reliable test is needed to detect potential carriers of the virus, particularly among breeding stock. Cutaneous allergic tests have been used (8) . Various serologic tests are now available for the detection of antibodies against pseudorabies virus. They include the enzyme-linked immunosorbent assay (ELISA) (2) (3) (4) (5) 10) , the neutralization (NT) test (4) , and the complement-dependent NT (CNT) test (1) .
Recently, Pan et al. (6) developed a new method of antibody detection by indirect immunoperoxidase plaque staining (IIPS) for the serodiagnosis of African swine fever.
In the present study, we attempted to adapt this method for the detection of antibody against pseudorabies virus in swine sera.
MATERIALS AND METHODS
Cell cultures. The HmLu-1 cell line, derived from hamster Iung, and the PK-15 cell line, derived from swine kidney, were grown in Eagle minimum essential medium containing 10% tryptose phosphate broth (Difco Laboratories, Detroit, Mich.), 10% calf serum, 100 U of penicillin per ml, 100 ,ug of streptomycin per ml, and 10 ,ug of fungizone per ml. The maintenance medium was minimum essential medium containing 10% tryptose phosphate broth, 0.05% yeast extract, 0.5% sodium glutamate, 0.1% glucose, and antibiotics as described above. Monolayer cultures were prepared in tubes (11 by 100 mm) by seeding the tubes with 1.5 x 105 cells suspended in 0.5 ml of growth medium and incubating them at 37°C for 5 days in a stationary rack. Cell cultures were also prepared in flat-bottom, 24 Infectivity assay. Serial 10-fold dilutions of the virus material were made in maintenance medium and inoculated in 0.1-ml volumes in HmLu-1 or PK-15 cell cultures in tubes; three tubes were used for each dilution. After the addition of 0.5 ml of maintenance medium, the cultures were incubated at 37°C for 4 days and examined for cytopathic effect, and the 50% tissue culture infective dose (TCID50) was calculated by the method described by Karber. The infectivity assay was also performed by plaque count in cell cultures prepared in plastic plates (Costar). Each virus dilution was inoculated in 0.1-ml volumes; three wells were used for each dilution. After the virus was adsorbed at 37°C for 60 min, the cultures were washed with maintenance medium, i ml of 0.8% methylcellulose was added, and the cultures were incubated in a C02 incubator at 37°C for 3 days. The cultures were fixed with dry methanol at room temperature for 10 min, 4 were inoculated with 0.1 ml of maintenance medium containing 100 PFU of pseudorabies virus. After virus was adsorbed at 37°C for 60 min, 1 ml of 0.8% methylcellulose in maintenance medium containing 0.5% bovine serum albumin, was added to each culture and incubated at 37°C for 36 h.
After methylcellulose was removed, the cultures were washed once with chilled phosphate-buffered saline, fixed with methanol at room temperature for 10 min, and dried.
The plates were sealed with tape and stored at -70°C until use.
For performance of the IIPS test, antigen plates taken from the freezer were warmed and dried before the tape was removed to prevent the cell sheets from detaching from the plastic wall during washing. The test serum, which was diluted 100-fold with a 2% NaCl solution containing 5% bovine serum, was applied in 0.2-ml amounts to the wells of the antigen plates. The plates were left at room temperature for 30 min. After the serum was removed, the wells were rinsed 3 times with a 2% NaCI solution, filled with saline, allowed to stand for 10 min, and decanted. To the wells was added 0.2 ml of horseradish peroxidase-conjugated rabbit antibody against swine IgG (see above), the optimal concentration of which was predetermined, and the plates were incubated at room temperature for 30 min. After the conjugate was removed, the wells were rinsed 3 times with a 2% NaCi solution, filled with saline and left at room temperature for 10 min, and decanted. To the wells was added 0.5 ml of 0.02% 3,3'-diaminobenzidine (1 mg/ml) in 0.01% H202 saline solution, and the plates were incubated at room temperature in a dark room for 20 min. The plates were rinsed with tap water and examined for dark brown plaques.
RESULTS
In preliminary experiments, the factors that influenced the plaque formation of pseudorabies virus in HmLu-1 cell cultures in plastic plates (Costar) were investigated, and the procedure described above was established. Furthermore, factors that influenced IIPS were investigated. Swine sera showed nonspecific staining of cell sheets up to a 50-fold dilution. On the other hand, swine antisera against pseudorabies virus clearly stained plaques at a 100-fold dilution; even with antisera with a very low NT titer (1:1) (Fig. 1) . A swine antiserum with an NT titer of 128 clearly stained plaques up to a 1,600-fold dilution. A goat antiserum with an NT titer of 1,024 against pseudorabies virus, however, did not stain plaques. IIPS tests were negative with swine antiserum with an NT titer of 5,000 against hog cholera virus and another swine antiserum with an NT titer of 2,000 against transmis- The ELISA value and the NT titers of the sera used were, respectively, 0.037 and <1 (A), 0.101 and 1(B), 0.078 and <1 (C), and 0.047 and <1 (D). Columns 1, 2, 3, 4, 5, and 6 received sera diluted 100-, 100-, 1,000-, 10,000-, 100,000-, and 1,000,000-fold, respectively. Wells in column 1 received no peroxidase-labeled antibody. The results of the plate shown here were read, from columns 1 to 6, respectively, as follows: A, -, -, -, -, -, -;B, -, +,+,+,-,-;C,-, +, +, +,-,-;D,-, + -,-,- Four pigs of the Yorkshire breed (weight, 50 kg) were inoculated subcutaneously with 108.5 TCID50 of pseudorabies virus. Daily serum samples were collected and tested by ELISA and by the CNT, NT, and IIPS tests. The ELISA and the CNT and NT tests became positive 7 to 10 days, 7 to 9 days, and 8 to 10 days after virus inoculation, respectively; and all the tests showed titer increases thereafter. The IIPS test became positive 7 days after virus inoculation, except that for one of the pigs, which became positive 1 day earlier.
A total of 99 serum samples were collected from pigs in a farm where pseudorabies was prevalent and tested by ELISA and by the CNT, NT, and IIPS tests. The results are summarized in Tables 1 and 2 , in which the data are arranged so that the degree of agreement in the detection of positive and negative sera by two tests is expressed as a percentage of the total number of sera examined.
The detection of antibody by the IIPS test was compared with that by the CNT and NT tests and by ELISA ( Table 1 Previously, Pan et al. (6) reported a similar method for the detection of antibody against African swine fever. In the present study we attempted to adapt this method for the detection of pseudorabies antibody in swine sera and encountered difficulties in preventing background staining. Various factors influencing the specific staining of plaques and the background staining were investigated, and a standard method was developed.
The IIPS test thus developed demonstrated serologic responses in pigs that were subcutaneously infected with pseudorabies virus, as did the ELISA and the NT and CNT tests. The IIPS test had a sensitivity and a specificity comparable to those of the CNT test and appeared to be somewhat more sensitive than the NT test and ELISA.
Antigen plates for the IIPS test could be stored at -70°C for 12 months or longer. The test was simple to perform, and the results could be read with the unaided eye under ordinary light, making the test particularly suitable for the routine testing of large numbers of serum samples. The test developed here could find wide application for the serodiagnosis of pseudorabies in swine.
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